Percutaneous nephrolithotomy (PCNL) has become a routine surgical procedure for treating patients with large kidney stones; the fundamental step in this process is the creation of the nephrostomy tract. In the present study, a meta-analysis was performed to compare the effectiveness and safety of different tract dilation techniques for PCNL. Databases were searched from inception to 1 April 2019 to identify relevant randomized controlled trials. The X-ray exposure time, hemoglobin decrease, stone-free rate, transfusion rate, hospital stay and the complication rate associated with the various techniques were analyzed. A total of 11 studies comprising 1,415 cases were enrolled in the meta-analysis. Significant differences in X-ray exposure time [weighted mean difference (WMD), 30.67; 95% confidence interval (CI), 20.08-41.26; P<0.001] and hemoglobin decrease (WMD, 0.19; 95%CI, 0.15-0.23; P<0.001) were identified between metal telescopic dilation (MTD) and one-shot dilation (OSD). A significantly lower hemoglobin decrease was observed in the balloon dilation (BD) vs. fascial Amplatz dilation (AD) group [WMD, -0.65; 95%CI, -(0.77-0.52); P<0.001]. The transfusion rate was similar between these techniques. The MTD had an obviously higher successful dilation rate compared with that of the OSD, but no significant differences in stone-free rate and transfusion rate were obtained. The present study determined that, compared with other methods, OSD was safer in almost every adult patient, including those that had previously under-gone renal surgery; though it is recommended that this should be performed by experienced surgeons. BD was reported to be effective and safer in patients without a history of renal surgery compared to other methods. The present study proposed AD and MTD as safer methods of dilation for patients who have previously undergone kidney surgery.
Introduction
Among the developments in surgical endourology techniques in the past three decades, percutaneous nephrolithotomy (PCNL) has become a standard treatment strategy with minimal invasiveness for the treatment of large renal stones (1, 2) . Conventionally, creating the nephrostomy tract is a fundamental process in this technique. At present, there are four major dilation methods for PCNL: Fascial Amplatz dilation (AD), metal telescopic Alken type dilation (MTD), balloon dilation (BD) and one-shot dilation (OSD). BD is generally considered as the most modern and safest technique. It has advantages of reduced complication rates and shorter durations of X-ray exposure (3) (4) (5) , but its application is limited due to high cost. AD and MTD are inexpensive, but longer durations of application and X-ray exposure are required. The OSD technique, which was first proposed by Frattini et al (6) , may achieve the same effects compared with the other three dilation methods (7) (8) (9) (10) (11) (12) (13) ; however, OSD may cause parenchymal damage (14) . A previous meta-analysis compared the four dilation methods (15) , but only four randomized clinical trials (RCTs) were included and three combinations of tract dilation methods were analyzed. Therefore, the most effective method for the selection of tract dilation remains controversial; surgeons may select different methods depending on their familiarity or experience with certain techniques. Thus, a meta-analysis based on recent studies was performed to systematically assess the effectiveness and safety of each tract dilation method.
Materials and methods
Study search and selection. The PubMed, EMBASE, Web of Science and Cochrane library databases were searched for relevant studies from database inception to 1 April 2019. Analysis was performed using the following MeSH key words: ('percutaneous nephrolithotomy', 'percutaneous lithotripsy', 'PCNL', 'PNL' or 'PCN') AND ('one shot', 'single step', 'one stage', 'one-shot', 'single-step', 'one-stage', 'tract dilators', 'AD', 'MTD' or 'BD'). The search was restricted to RCTs published in English. The present study was prepared based on the Cochrane Handbook for Systematic Reviews of Interventions (16) and presented based on the Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines (17) .
Inclusion and exclusion criteria. RCTs were selected for analysis according to the following inclusion criteria: i) RCTs that compared ≥2 tract dilation techniques for PCNL; ii) RCTs that included patients aged >18 years; iii) the baseline characteristics were matched between groups; iv) RCTs were published in English and their full texts were available; v) at least one of the following types of data was available: Hemoglobin decrease, X-ray exposure time, stone-free rate, operation time, length of hospital stay and blood transfusion rate. The exclusion criteria were as follows: i) RCTs that were not comparative studies; ii) the full texts were not accessible; and iii) RCTs that included patients aged <18 years.
Risk of bias assessments. The quality of the RCTs was assessed by two independent researchers using the Cochrane risk-of-bias criteria (16) . Bias was evaluated based on the criteria of random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias for each RCT, which allowed for grading of RCTs as low-risk, high-risk or unclear risk of bias. Providing the randomized sequence generation or allocation concealment indicated high risk of bias, the RCT was regarded as being of low quality, whereas if these factors were considered to be of low or unclear risk of bias, then the RCT would be regarded as being of high quality. In addition, intermediate risk of bias suggested that an RCT was of moderate quality.
Data extraction. The following data were extracted by two independent researchers (HLH and YCL): Name of first author, publication year, participant characteristics, stone burden, operational history, tract methods, hemoglobin decrease, X-ray exposure time, stone-free rate, operation time, length of hospital stay, blood transfusion rate and complications. Disagreements were resolved by consensus. If any data were missing, attempts were made to contact the authors. The X-ray exposure time was the primary outcome, while the stone-free rate, blood transfusion rate, hemoglobin reduction and complications were denoted as the secondary outcomes.
Statistical analysis. The present study employed the Mantel-Haenszel statistical method to calculate risk ratios (RRs) and mean difference (MD) with 95% confidence intervals (CIs) for dichotomous data and continuous data to assess the overall outcomes of the four tract dilation methods for PCNL procedures. A χ 2 test (P=0.05) and the I 2 statistic were used to evaluate statistical heterogeneity among the studies by two independent researchers. P<0.05 was considered to indicate a statistically significant difference and I 2 >50% was considered to indicate heterogeneity. Fixed-effects and random-effect models were generated to analyze homogeneous and heterogeneous data, respectively. Sensitivity analysis was performed by excluding trials with low quality or abnormal data. Possible publication bias was assessed by generating funnel plots for the studies. All meta-analyses were performed using RevMan version 5.2.
Results
Eligible studies and characteristics. A total of 110 potentially eligible reports were identified from the databases following screening of the titles and abstracts; 85 studies were excluded, as they were duplicates (37 articles) or retrospective trials (48 articles). In addition, 14 articles (13 conference abstracts and one study on pediatric patients) were excluded from the remaining 25 RCTs during the review of full-text articles based on the inclusion and exclusion criteria. Finally, 11 RCTs, comprising 1,415 cases, were included in the present meta-analysis ( Fig. 1 ). Of note, six studies compared MTD with OSD (8) (9) (10) (11) (12) 14) , one article compared MTD, OSD and BD (6); one compared MTD, OSD, BD and AD (13) , two studies compared AD with OSD (18, 19) , and one article compared MTD, BD and AD (20) . The baseline characteristics and quality ratings of the studies included are presented in Table I .
Quality assessment and publication bias. Based on the
Cochrane risk-of-bias criteria (16) , two articles were graded as being of high quality and eight articles were graded as being of moderate quality, while one article was of low quality. The details of the quality assessment are presented in Fig. 2A and B. A lack of publication bias was demonstrated via the funnel plots for hemoglobin decrease, and the transfusion rate, successful dilation rate, one access rate and stone-free rate. The publication bias of the transfusion rate was also determined ( Fig. 2C ; data not shown for other items).
X-ray exposure time and access time. A total of eight studies compared MTD with OSD. The data were pooled for analysis with the random-effect model due to the significant heterogeneity among these studies (P<0.001; I 2 =97%). Significantly longer X-ray exposure times for tract creation were determined for MTD compared with OSD (WMD, Fig. 3C ], but the heterogeneity of X-ray exposure time was high (P<0.001; I 2 =98%) between BD and OSD. Similar X-ray exposure time was observed between these groups (random-effects model; WMD, 8.09; 95%CI, -5.33-21.52; P<0.24; Fig. 3D ).
Hemoglobin decrease. A total of eight articles compared MTD with OSD. The data were pooled for analysis with fixed-effect models (P=0.65; I 2 =0%). A significant reduction in hemoglobin was determined for the MTD group compared with that in the OSD group (WMD, 0.19; 95%CI, 0.15-0.23; P<0.001; Fig. 4A ).
In addition, two studies compared BD and AD. The heterogeneity of hemoglobin decrease was low (P=0.17; I 2 =46%) and there was a significantly smaller decrease in hemoglobin in the BD group compared with that in the AD group [fixed-effects model; WMD, -0.65; 95%CI, -(0.77-0.52); P<0.001; Fig. 4B ]. The heterogeneity of hemoglobin decrease was high (P<0.03; I 2 =79%) between MTD and AD. Similar hemoglobin decrease was determined between these groups (random-effects model; WMD, -0.32; 95% CI, -0.71-0.07; P=0.11; Fig. 4C ). The heterogeneity of hemoglobin decrease was high (P<0.03; I 2 =79%) and no statistically significant difference was determined in hemoglobin decrease between BD and OSD (random-effects model; WMD, 0.38; 95%CI, -0.53-1.29; P=0.41; Fig. 4D ).
Transfusion rate. The heterogeneity of transfusion rate between MTD and OSD (P=1.00; I 2 =0%), AD and OSD (P=0.83; Successful dilation and one-access rates. The heterogeneity of successful dilation rate was low (P=0.80; I 2 =0%), revealing that MTD had a markedly higher successful dilation rate compared with OSD (fixed-effect model; RR, 1.02; 95%CI, 1.00-1.04; P= 0.09; Fig. 6D ); however, no statistical significance was obtained. The heterogeneity of one-access rate was low (P=0.49; I 2 =0%), and the one-access rate was similar between MTD and OSD (fixed-effects model; RR, 0.95; 95%CI, 0.90-1.01; P=0.12; Fig. 7A ).
Stone-free rate. The heterogeneity of stone-free rate between MTD and OSD (P=0.58; I 2 =0%), BD and AD (P=0.95; I 2 =0%), and MTD and AD (P=0.77; I 2 =0%) was low. No statistically significant differences were observed in the stone-free rate between MTD and OSD (fixed-effects model; RR, 1.01; 95%CI, 0.96-1.07; P=0.71; Fig. 7B ), BD and AD (fixed-effects model; RR, 1.04; 95%CI, 0.94-1.15; P=0.44; Fig. 7C ), and MTD and AD (fixed-effects model; RR, 1.02; 95%CI, 0.9-1.13; P=0.76; I 2 =0%; Fig. 7D ).
Hospital stay. A significant degree of heterogeneity between MTD and OSD was determined (P<0.001, I 2 =82%), and the data were pooled for analysis with a random-effects model. Similar lengths of hospital stay were determined between these groups (random-effects model; WMD, -0.09; 95%CI, -0.57-0.40; P<0.72; Fig. 8A ). Collecting-system damage and hemorrhage rate. The heterogeneity of collecting system damage was low (P=0.36; I 2 =2%), no statistically significant differences were reported in damage to the collecting system between MTD and OSD (fixed-effects model; RR, 1.15; 95%CI, 0.41-3.26; P=0.79; Fig. 8B ). The heterogeneity of hemorrhage rate was low (P=0.83; I 2 =0%), revealing that a markedly increased hemorrhage rate was reported for MTD compared with OSD (fixed-effects model; RR, 1.95; 95CI%, 0.50-7.57; P=0.33; Fig. 8C ).
Discussion
Tract creation and dilation are fundamental steps in percutaneous renal surgery and are required for three traditional types of dilation, including MTD, AD and BD (21) (22) (23) . OSD was first introduced by Frattini et al (6); several studies have investigated the safety and effectiveness of OSD compared with those of other methods (7) (8) (9) (10) (11) (12) (13) . Numerous RCTs on these methods have been reported and a previous meta-analysis has been published by Cao et al (15) . Of note, this previous meta-analysis included only four RCTs and analyzed three combinations of tract dilation methods without comparing the associated complications. Therefore, an integrated analysis of the four tract dilation techniques was required. The present meta-analysis revealed that OSD was safe and effective for almost every adult patient, including those who previously underwent renal surgery. Significant differences were reported in X-ray exposure time and access time between MTD and OSD. Sensitivity analysis was performed by excluding a study that was abnormal due to inaccuracy of the definition of the X-ray exposure time and the access time, leading to marked differences in the data from other studies, and the same results were obtained. The hemoglobin decrease, transfusion rate and hemorrhage rate in the MTD and OSD groups were also compared, as hemorrhage was characterized by blood drain within the nephrostomy tube, intermittent or continuous hematuria or gross hematuria with or without a decrease in hemoglobin and rarely required blood transfusion, and these three variables were linked but different. OSD was determined to significantly decrease the transfusion rate, hemorrhage rate and the extent of hemoglobin decrease compared with those of MTD. These results support the results of previous studies (6, (8) (9) (10) (11) (12) (13) (14) (18) (19) (20) . In addition, no statistically significant differences were observed between the two groups regarding the stone-free rate. By contrast, Falahatkar et al (11) and Srivastava et al (13) reported that OSD required more auxiliary procedures. This may be due to the higher proportion of complex stones in the OSD; it may also indicate that OSD has limited efficacy in managing complex stones. The present meta-analysis revealed that, as compared with MTD, OSD was associated with a lower rate of complications, including damage to the collecting system and hemorrhage. These results indicated that the OSD technique may be widely used; however, Srivastava et al (13) reported on two patients with minor pelvic perforations and injuries to the collecting system. These patients had a similar history of ipsilateral open surgery. OSD benefits from increased radial force and reduced axial force, yet the high resistance of fascial dilation requires more radial force, which may be the cause of complications. In addition, several studies reported on a number of unsuccessful procedures in patients who underwent open surgery (6, 11, 13) , whereas OSD was determined to be as effective as MTD in previously operated patients (10, 12, 24, 25) . Frattini et al (6) and Falahatkar et al (11) suggested that the high resistance of perirenal scar tissue due to previous kidney surgery, which prevented fascial dilator passage, or renal supermotility and rotation during dilation, may lead to avulsion of the entire organ. In the present meta-analysis, the rates of successful dilation and one access were compared. OSD was determined to have a markedly lower successful dilation rate. Advancements in equipment and the experience of surgeons in employing various techniques may also account for the differences determined. In addition, Aminsharifi et al (14) demonstrated that OSD caused more parenchymal damage than MTD. The difference between the two methods, an insufficient number of patients and inadequate follow-up time may have influenced the results. Furthermore, it is uncertain whether the formation of small new scars affects renal function. Lee and Stoller (26) suggested that the differences reported may be explained by the surgeon's familiarity and experience rather than the dilator systems. The hemoglobin decrease associated with MTD was previously determined to not be significantly different compared with that resulting from AD (13, 27) ; however, in the present study, MTD was reported to lead to a lower hemoglobin decrease compared with AD. This could be due to trauma as a result of the cycle of insertion and removal of the dilator in and out of the tract during sequential exchange, increasing the risk of bleeding. However, the transfusion rate and stone-free rate were similar between the two groups. AD and MTD are used to create the tract by using axial and radial forces, which have a higher chance of successful tract creation compared with OSD. The spinning movement of the sheath during tract creation serves an important role in decreasing the risk of kidney or guidewire shift (28) . Thus, these methods, particularly AD, are frequently used in patients who have previously undergone kidney surgery. As of the small tip of these dilators, it is easy to guide along smaller tracts from previous dilations, regardless of the density of scar tissue (25). A number of studies reported that BD had reduced X-ray exposure time and hemoglobin decrease compared with AD and MTD (13, 20, 29) , as the inflated balloon provides constant pressure and tamponades the small injured vessels. In addition, BD was previously proposed to be more likely to fail in patients who underwent kidney surgery (13, 30) . This may be due to the low axial force in BD and the lack of constant dilation. Kijvikai and de la Rosette (31) reported that BD was not suitable for complete staghorn calculus. The space between these stones and the collecting system may be inadequate and the tapered end of the dilator may create a small tract into the collecting system or split the calix. Of note, the present study has certain limitations. A variety of factors, including the stone burden, body mass index, hydronephrosis grade or the number of previous surgeries may have inf luenced the results; subgroup analyses were not performed due to limitations of the studies included. In addition, other complications were not compared, including the presence of pleural effusion, post-operative urinary tract infections or post-operative fever due to a lack of data. Furthermore, the heterogeneity of the data may have affected the results of X-ray exposure time and access time; the high heterogeneity may have been due to the different definitions among the studies included. Despite these limitations, there are certain advantages of the present study regarding the quality and quantity of articles analyzed, and the results of comparisons with previous meta-analyses in terms of both quality and quantity (15) , as results from the present study were more comprehensive.
In the present meta-analysis, OSD was determined to be a safer method in almost every adult patient, including those who underwent renal surgery previously, compared to AD and MTD; however, OSD has a considerable risk of serious complications if the surgeon is inexperienced. Therefore, the present study proposed that surgeons with technical expertise in OSD should perform this procedure. BD was also determined to be more effective and safer than AD and MTD in patients that had not undergone renal surgery previously. By contrast, BD is an expensive procedure and unsuitable for patients with a history of renal surgery. For patients who have undergone kidney surgery, AD and MTD are safer methods of dilation. However, additional RCTs are required to determine the best method for PCNL.
